Herein, we reported the supramolecular organization of N-acyltris(hydroxymethyl)aminomethane (NATM) in the solid state as well as in aqueous solution. Single crystal X-ray diffraction revealed that NATM adopts a fully interdigitized structure. The thermodynamic parameters associated with thermotropic phase behaviour of NATM was determined by differential scanning calorimetry. The molecular packing and phase state of the NATM analyzed by laurdan and prodan fluorescence supports the formation of an interdigitized phase in aqueous solution. The potential application of the self-assembled NATM vesicles was demonstrated through entrapping model drug, Rhodamine B.
Introduction
Tris(hydroxymethyl)aminomethane or tromethamine (TM) was used in biological science for preparing buffers with a pH range of 7-9, which corresponds to the physiological pH of most living organisms. 1 In intensive care units, TM was used as an alternative to sodium bicarbonate for the treatment of severe metabolic acidosis. 2 Although it is useful in the treatment, the high alkalinity causes digestive troubles. However, the primary amine group of TM can be derivatized to develop tolerable treatment for acidosis.
3 In this connection, derivatization of TM with fatty acids would be more advantageous because it will lead to products called N-acyl fatty acid amides (NAA). The compounds which fall under the category of NAA are largely investigated in the eld of lipidomics as lipid signalling molecules. NAA plays an important role in endocannabinoid systems affecting a variety of physiological functions including memory, cardiovascular function, pain, cognition, motor control and others. 4 NAA is also involved in cell migration, cell-cell communication, inammation and certain pathological conditions such as obesity, diabetes, neurodegenerative disease, and cancer. An example for the function of NAA is that the N-arachidonoyl dopamine binds to transient receptor potential channels with the potency similar to capsaicin and produce thermal hyperalgesia. 5 Recent research has shown that N-acyl taurine inhibit the proliferation of prostate cancer PC-3 cells. Smoum et al., showed the correlation between N-oleoyl serine and bone remodelling. 6 In view of numerous physiological functions of NAA and in turn therapeutic capabilities drive us to synthesize homologous series of novel N-acyltris(hydroxymethyl)aminomethane or N-acyltromethamine (NATM).
In order to explore the biological applications of NATM, we need an adequate quantity of the lead molecules. To the best of our knowledge, there is no report on the synthesis and characterization of NATM. Thus, a facile method to synthesize NATM was developed by reacting tromethamine with long chain fatty acid chloride. The fatty acid acyl chain length varies from 10 to 18 and the products were obtained in good yield and characterized by FTIR, 1 H-NMR, 13 C-NMR and single crystal Xray diffraction. NATM has amphiphatic nature because it contains a long hydrocarbon chain from fatty acid, which could act as a tail with a polar head group from tromethamine. Indeed, polymers with hydrophobic blocks such as poly (Lamino acids), poly(propylene glycol), stearyl methoxyPEGglycol succinate, methoxy-PEG (mPEG) monoacrylate etc., [7] [8] [9] [10] have been shown to form self-assembled structure. By virtue of the hydrophilic-lipophilic balance, these kinds of self-assembled structures are useful in the development of detergents, drug delivery system, designer reaction medium, and so forth.
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Thus, the self-assembly of NATM was investigated by uores-cence spectroscopy, and found that the critical aggregation concentration (CAC) of NATM decreases with increasing the fatty acid acyl chain length from 10 to 18. The thermotropic phase behaviour of the self-assembled NATM was investigated by differential scanning calorimetry (DSC) and found that the transition enthalpies (DH t ) and entropies (DS t ) of hydrated NATM follow a linear relationship with the acyl chain length. Molecular modelling with the single crystal coordinates showed that NATM can self-assembled into vesicles, which is energetically stable. The formations of the vesicles were conrmed by optical microscopy and scanning electron microscopy. Being amphiphilic with an ability to form a stable interdigitized structure in aqueous phase may useful in preparing drug delivery vehicles.
Experimental

Materials
Decanoylchloride (N10), laurylchloride (N12), myristoylchloride (N14), palmitoylchloride (N16), stearoylchloride (N18), tromethamine hydrochloride (TM), 8-anilinonapthalene sulfonic acid (ANS), laurdan and prodan were purchased from Sigma, India. All other reagents were of reagent grade and were obtained from local suppliers. Solvents were distilled and dried prior to usage.
Synthesis of N-acyltromethamine
N-Acyltromethamine was prepared in fair yield by a condensation reaction between tromethamine hydrochloride and fatty acid chloride. Typically, TM (5 mmol) was dissolved in a mixture of 10 mL methanol and dichloromethane (1 : 1 v/v) and kept in ice bath. To this solution 5 mmol of triethylamine was added and stirred for 15 min. To the resulting solution, acid chloride (5 mmol) was added under constant stirring and the reaction was allowed to proceed for 12 h at room temperature. The progress of the reaction was followed by thin-layer chromatography (TLC) on silica gel (solvent system: hexane : ethyl acetate, 1 : 1 v/v) and the TLC plates were followed in an iodine chamber. Aer the completion of reaction, the resultant crude NATM was subjected to column chromatography. Briey, the crude NATM was loaded onto silica gel column and washed with 40% ethyl acetate in hexane to remove unreacted fatty acids. Further elution with the mixture of solvent containing hexane and ethyl acetate (50 : 50 v/v) yielded pure N-acyl tromethamine as judged by 1 
Determination of critical aggregation concentration
The critical aggregation concentration (CAC) of NATMs was measured by uorescence spectroscopy using the uorescent probe, ANS. 19 The uorescence measurements were performed on a spectrouorometer (JASCO spectrouorometer FP8200) with a 1.0 cm quartz cell. The stock solution of 40 mM, 5 mM, 2 mM, 0.75 mM and 0.2 mM of N10TM, N12TM, N14TM, N16TM and N18TM, respectively was prepared by dissolving exactly weighed NATM in 10 mM sodium phosphate buffer, pH 7.4. The emission spectra of ANS (10 mM) was recorded between 400-650 nm, keeping the excitation wavelength at 370 nm and the slit widths of both excitation and emission set at 5 nm. Typically, small aliquots of NATMs from a concentrated stock solution was added into a cuvette containing 3 mL of ANS and the emission spectrum of ANS was measured aer an equilibration period of 2 min. The uorescence intensity at xed wavelength was then plotted as a function of NATMs concentration and the CAC was determined as the concentration where distinct break in the slope was observed. Prior to analysis, uorescence intensities were corrected for volume changes. 10 mM phosphate buffer, pH 7.4 was used throughout the study and experiments were performed at 25 C. All experiments were repeated at least three times to arrive at the average values. The excitation wavelength for laurdan and prodan was 350 and 359 nm, respectively. The emission spectrum was measured from 375 to 600 nm, and was not corrected for instrument response.
Differential scanning calorimetry
DSC was performed in Nano DSC-TA instrument, India. Samples for DSC were prepared by suspending accurately weighed NATMs (2-4 mg) with 10 mM phosphate buffer, pH 7.4. NATMs were hydrated by heating the suspension to $50 C. The hydrated samples and buffer were loaded into the sample and reference cell, respectively. The calorigrams were recorded at a scan rate of 1 C min À1 . The heating scans were normalized with respect to concentration of NATM, which yields the heat capacity (DC p ) in kcal mol À1 K À1 . Transition temperature (T t ), transition enthalpy (DH t ) for each transition was estimated by integrating the area under the transition using the soware provided with the instrument. In all cases, only the rst heating scans were considered for further analysis. Transition entropies (DS t ) were estimated from the DH t assuming a rst order transition according to the expression:
Molecular modeling
Molecular models of NATM were constructed using crystal structure 3D-coordinates by argus lab, 30 and the geometry were optimized, followed by minimization. Packmol tool was used to model the vesicle system 31 while building the vesicle system, constraint scripts were written in such a way that head and tail of NATM derivative are placed alternative to each other and that form a compact vesicles formation without any steric clashes. Finally, the modeled vesicle systems were subjected to energy minimization using the MacroModel module of Schrödinger suite. 28 The OPLS_2005 molecular modeling force eld was used for performing energy minimization. It effectively calculates the non-bonded terms by higher level of quantum theory calculation. 32 All the vesicle system was solvated by adding water molecules appropriately.
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The Polak-Ribiere Conjugate Gradient (PRCG) method was used for minimization with maximum iterations of 2500 steps with the default convergence threshold value 0.05 kJÅ À1 mol À1 . The energy minimized vesicles were analyzed by the molecular visualization tool PyMol, 34 and corresponding 2D structure representations were sketched ChemAxon.
Microscopy studies
The vesicles formed by NATM were visualized by scanning electron microscopy (Tescan Vega 3). Typically, NATM (3 mM) was dissolved in $300 mL of chloroform : methanol mixture (3 : 1), and a thin lm of the NATM was obtained by blowing a gentle stream of dry nitrogen gas over the solution. Final traces of the solvent were removed by vacuum desiccation for about 4-5 h. Then the thin lm was then hydrated by vortexing with 1.0 mL of 10 mM phosphate buffer, pH 7.4. The vesicles were collected by centrifugation at 3000 rpm and subjected to two cycle of washing with phosphate buffer. The vesicles were made drop caste on a clean glass side and stained with gold sputtering for 35 s and imaged in SEM. For entrapping Rhodamine B, thin lms of NATM were prepared with 1 mM of RhB and hydrated. The unbound RhB were washed with phosphate buffer. Aer that, 10 mL of the samples was placed on a glass slide with a coverslip and imaged under uorescence microscope (Nikon Eclipse).
Results and discussion
Synthesis of N-acyltromethamine
Tromethamine fatty acid conjugate with even acyl chain lengths (n ¼ 10-18) were synthesized in good yields by reacting tromethamine and fatty acid chloride in the presence of triethylamine base (Scheme 1). N-Acyltromethamine was puried by ash chromatography and the product was conrmed by FTIR, 1 C NMR spectra of NATM were presented in the ESI (Fig. S6-S13 †) .
Solid state structure and molecular packing of NATM
The single crystals of N10TM, N12TM, and N14TM were grown from methanol by slow evaporation (5 mg dissolved in 10 mL methanol), which produced at needle morphology crystals. The efforts to obtain single crystals of N16TM and N18TM did not yield any success. The single crystals of all three compounds, N10TM, N12TM, and N14TM, showed the monoclinic space group, P2 1 /c, with one molecule in the asymmetric unit. The crystal parameters for N10TM, N12TM, and N14TM are given in the Table S3 in the ESI. † Further, all three structures showed linear geometry in the crystal lattice. The space-lling model revealed considerably big head group with the diameter of around 4.871Å (O1-O2). The hydrophobic part of the alkyl chain exhibited trans conformation with torsion angle close to 180 , which supports the linear geometry. The carbonyl oxygen and nitrogen, hydrogen adopted trans conguration in all three structure. The polar head group of tromethamine, showed strong N-H/O and O-H/O intermolecular H-bonding in the crystal lattice and one molecule interacts with four different molecules (Fig. 1) . The amide carbonyl oxygen and amine hydrogen formed strong intermolecular H-bonding interaction linearly along c-axis and produced a layer structure in the crystal lattice. The linear alkyl chains in the layer along caxis are separated by 4.384Å which clearly suggests the van der Waals' contact between the alkyl chains. Tromethamine hydroxyl group exhibits strong O-H/O intermolecular Hbonding with the opposite layer head group. Further, amide along with O-H/O hydrogen bonding produced another layer structure in the ab-plane (Fig. 1) . Nevertheless, the alkyl chains are well separated in the network along b-axis. The distance between the two adjacent alkyl chains is 9.062Å. Such large separations of alkyl chain along the b-axis generate large vacant space between the chains. This vacant space between the alkyl chains is lled by the insertion of alkyl chain from adjacent layer and produced a fully interdigitized bilayer structure in the crystal lattice (Fig. 2) . The van der Waals' contact of 4.274Å between interdigitized alkyl chains indicates that the hydrophobic interaction between alkyl chains stabilize the selfassembled interdigitized bilayer structure. Further, in the solid state, NATM is self-assembled in headto-tail arrangement in the crystal lattice. The bilayer thickness of N10TM (O2-O2) is 21.90Å, whereas the monolayer thickness (O2-C14) is 15.632Å. The compound N12TM and N14TM also displayed very similar supramolecular interactions and molecular conformation and packing in the crystal lattice except the increase of bilayer thickness (24.260Å (N12TM) and 26.666Å (N14TM)) and monolayer thickness (18.974Å (N12TM) and 20.625Å (N14TM)) due to the increase of alkyl chain length (Fig. S16 †) . Thus, the supramolecular H-bonding of a polar head group and hydrophobic interactions between the alkyl chains lead to fully interdigitized self-assembled bilayer structure in the crystal lattice. The interdigitized structure of NATM completely differed from other N-acyl fatty acid structures, including N-acyl ethanolamines, 14 N-acyl dopamines, 15 and Nacyl glycines, 16 all of which exhibited head-to-head and tail to tail packing resembling stacked bilayer structure. Such difference in the self-assembly can be explained by considering a bigger head group of N10TM with an area of 30.59Å 2 and tilt angle (15 (N10TM), 16 (N12TM) and 16 (N14TM)) in the Nacyl chains with respect to the bilayer normal. The larger head group produced more space in the alkyl chain area that resulted in the accommodation of two alkyl chain. Similar interdigitzed bilayer arrangements are reported for lysophosphatidylcholine where the acyl chains are tilted to accommodate head to tail packing. 17 In contrast, small head group area and tilt angle in Nacyl glycines lead to stacked bilayer structure. 16 The stacked bilayer structure in fatty acids resulted in double the thickness of the hydrophobic region (sum of the length of two acyl chain) whereas hydrophobic portion of the fully interdigitized structure is equivalent to one acyl chain length.
Self-assembly of N-acyltromethamine in aqueous solution
The lipophilicity of the fatty acid acyl chain and the hydrophilicity of tromethamine may drive N-acyltromethamine to selfassemble in aqueous solution. In order to determine the selfassembly concentration of NATM, we measured critical aggregation concentration (CAC) for these NATM by monitoring the incorporation of the uorescent probe 1-anilino-8-naphthalene sulfonate (ANS) into the self-assembled structures. 18 The addition of N10TM to ANS blue shis the emission wavelength from 518 to 485 nm with concomitant increase in the uorescence intensity (Fig. S17 †) . This suggests that the uorescence probe moves into the non-polar environment where the emission quantum yield of ANS is high. 19 Analyzing the data by plotting the uorescence intensity versus concentration of N10TM showed a distinct break, suggests a change in the aggregation state of N10TM (Fig. 3A) . This break is attributed to the selfassembly of N10TM molecules that solubilised in the buffer and thus yield information on the CAC of N10TM. The length of the fatty acid acyl chain has an important inuence on the CAC. A series of acyl tromethamine, from 12 to 18 have been studied in the same way and noted that their CAC decreases with increasing fatty acid acyl chain, from 1132.5 AE 52 mM (N10TM), 134.5 AE 10 mM (N12TM), 45.5 AE 2.3 mM (N14TM), 17.8 AE 1.3 mM (N16TM) and 3.4 AE 0.2 mM (N18TM). When log(CAC) values were plotted versus the acyl chain length, a linear dependence was observed (Fig. 3B) , which is in agreement with previous observations on the chain length dependence of CACs of N-acyl alanine,
19 N-acyl taurine, 20 and other single chain surfactants.
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Sodium chloride is useful for screening the involvement of electrostatic interaction in the self-assembly process of NATM, 22 thus, CAC of N10TM was determined in the presence of 1 M NaCl. The CAC of N10TM (1193 AE 34 mM) obtained with 1 M NaCl was found to be comparable to those obtained without NaCl (1132.5 AE 52 mM), suggesting less or no contribution from the electrostatic interaction. Next, we tested the inuence of alcohol on the CAC because organic solvents can disturb the hydrophobic interactions. 23 Interestingly, the CAC determination carried out with 25% aqueous isopropanol showed weak change in the ANS uorescence intensity with small blue shi, which can be attributed to the change in solvent polarity (Fig. S18 †) . These results suggest that the isopropanol precludes the self-assembly and supports that the self-assembly was majorly driven by hydrophobic interactions.
Phase behaviour of NATM
The thermotropic phase behaviour of the NATM aqueous solution was studied by differential scanning calorimetry. Fig. 4A shows the heating thermograms of hydrated NATM. Rescanning the samples for the second time showed a signicant shi in the transition temperature (decreases about 3 C) and showed marked changes in the transition enthalpies. This suggests that during cooling NATM do not come back to the original structure. Thus, the rst heating scan was taken for further analysis and the total area under the transition was integrated to get the transition enthalpy (DH t ) and transition entropy (DS t ). The obtained transition temperature (T t ), (DH t ) and (DS t ) are presented in Table 1 . The DH t and DS t exhibited linear relationship with respect to the acyl chain length (n) and the data were analyzed by the following expression:
where DH 0 and DS 0 are the end contributions to the DH t and DS t , respectively arising from the terminal methyl group and the polar head group region of NATM. DH inc and DS inc are the incremental values of DH t and DS t per methylene group. The linear chain length dependence of DH t and DS t indicate that the structure, molecular packing and the intramolecular interaction of various NATM are likely to be very similar, which agrees with the crystal structure. From Fig. 4B and C, the incremental values and end contributions of DH t and DS t were obtained from the linear least square analysis. The DH 0 and DS 0 observed for NATM are 3.21 AE 0.27 kcal mol À1 and 11.42 AE 0.74 cal mol À1 K À1 , respectively. The DH inc and DS inc observed for the NATM are 0.54 AE 0.02 kcal mol À1 and 1.30 AE 0.06 cal mol À1 , respectively. The obtained positive end contributions and positive incremental values are indicative of hydrophobic interaction playing a role in the self-assembly of NATM, which could arise from the interaction between the acyl chain. These results were interpreted as that the polar head group of NATM may form a hydrogen bond network in aqueous medium, but the hydrophobic acyl chain prefers to have minimal contact with water. As a result, acyl chain come together and interacts with each other spontaneously and resulted in increased entropy and enthalpy. The contribution from electrostatic and hydrophobic interaction can be studied by sodium chloride because NaCl may produce hindrance to the electrostatic interaction. The DSC study performed with 1 M NaCl showed unaltered phase transition temperature and transition entropy and enthalpy (Fig. S19 †) . Thus, the results were interpreted by considering that the self-assembled structure retains similar phase with and without salt, which also suggests that the driving force is not electrostatic but majorly hydrophobic in nature.
The uorescence probe laurdan was widely used to study the phase state of biological and model membranes. 24 The uo-rescence emission maxima of laurdan in phospholipid vary with maxima at 435 nm for the gel phase L 0 b and 485 nm for the liquid crystalline phase L a .
25 Fig. 5A shows the uorescence emission maxima of laurdan in N10TM and sodium dodecyl sulfate (SDS) micelles at room temperature. SDS micelles showed emission maxima at 503 nm whereas the emission maxima of the probe in N10TM were observed at 425 nm, which indicates that the probe is located in the low polar environment where the acyl chains are tightly packed. While heating the N10TM above the phase transition, the laurdan emission maxima undergoes a red shi from 425 to 465 nm, indicating the formation of liquid crystalline phase and the probe was experiencing a polar environment. At the same time, the gel phase and liquid crystalline phase of N10TM is not similar to gel and uid phase of DMPC bilayer because previous studies of laurdan uorescence in DMPC bilayer have showed the laurdan emission maxima at 435 and 485 nm for the gel and uid phase, respectively. 25 The observed blue shi in the emission maxima of the probe in N10TM was interpreted as tight packing of the acyl chains of NATM as compared to phospholipid bilayer. The tight packing of acyl chain in NATM could occur by the formation of interdigitized structure as observed in the single crystal (Fig. 2) . The interdigitized phase formed by the interpenetration of the acyl chain from opposing monolayer has been documented for the asymmetrical and symmetrical phosphatidylcholine lipids and described as one form of the stable lipid phase state. Thus, further studies were conducted to characterize the interdigitized phase formed by NATM. Prodan has been known for evaluating ethanol induced formation of fully interdigitized phases in phospholipids. 26 It exhibits a wavelength shi from 520 nm in water to $435 nm in gel phase L 0 b ; $485 nm in uid phase L a and $507 nm in interdigitized gel phase L b I.
26 Fig. 5B shows the prodan spectrum in N10TM in the presence and absence of ethanol. The main uorescence maximum was observed at 518 nm with a shoulder at 430 nm, suggesting that the prodan is located in the highly polar environment. The uorescence maximum at 518 nm supports the formation of interdigitized gel phase and suggests that the tighter packing of the acyl chain in this phase compared to the non-interdigitized gel phase has squeezed out the prodan into the aqueous phase. A similar prodan spectrum was observed for DPPC in the interdigitized gel phase, except the peak maxima and the shoulder was observed at 507 nm and 430 nm, respectively. 26 The difference in the peak maxima can be interpreted by considering differential partitioning of the probe in interdigitized lipid bilayers and interdigitized NATM. The addition of ethanol causes a small decrease in the maximum at 430 nm and a signicant increase at 518 nm, which supports that the NATM exists in interdigitized gel phase in aqueous solution without an aid from ethanol. The change in uorescence intensity at 518 nm can be attributed to the difference in the solubility of the probe in the ethanol containing solvent compared to water. At 80 C, prodan spectrum in N10TM shows maxima at 516 nm without residual shoulder at 430 nm, suggesting that NATM undergone a phase change from an interdigitized gel phase. The spectral shis induced by temperature were also observed in other NATMs. Taken together, the results obtained from the laurdan and prodan uorescence probe supports the conclusion that the aqueous solution of NATM readily forms interdigitized gel phases below the phase transition and forms a liquid crystalline phase above the phase transition. The formation of full interdigitized structure by NATM was supported by X-ray diffraction studies and DSC studies revealed the thermotropic phase transition in NATM.
Molecular modelling
Having known that NATM forms interdigitized structure, we modeled the single crystal 3D-corrdinates of NATM into vesicles and energy minimized using the MacroModel module of the Schrödinger suite. 28 For modelling, we dened our own constraint scripting to pack the head and tail of NATM as alternatives to each other by using 850 monomers that form a perfect packing. The two-dimensional representation of the N10TM vesicles is shown in Fig. 6 . The potential energy values for the vesicle model was derived from the energy contribution from various force elds, which includes stretching, bend, torsion, improper torsion, van der Waal's, electrostatic, and solvation energy. The potential energy calculations show that the proposed vesicle models are energetically stable.
As noted from Table 2 , the contributions from electrostatic and van der Waal's terms are very signicant in the formation of vesicles. The observed higher values for electrostatic interaction can be attributed to the interaction between the polar head groups. Crystal structure of N10TM, N12TM and N14TM also revealed strong intermolecular H-bonding between polar head groups in the crystal lattice (Fig. 1, 2 and S16 †). In order to distinguish the role of hydrophobic forces in the selfassembly, we performed energy minimization of the vesicles in isopropanol instead of water. Interestingly, the vesicle collapsed and the force led parameters decreases considerably. The comparison of the total energy of the vesicles in aqueous solution (À62977.2 kcal mol À1 ) and isopropanol (À37598.9 kcal mol À1 ) suggest that the formation of vesicles is favoured by van der Waals though the contribution from electrostatic is signicant.
Microscopy analysis of the self-assembled NATM
The formation of vesicles via self-assembly of NATM was observed with scanning electron microscopy as well as optical microscopy. Fig. 7A showed that NATM self-assembled into spheres with a typical size of 0.3-7 mM. In order to visualize the vesicles under uorescence microscopy, N10TM thin lms were prepared with Rhodamine B (RhB). RhB serves as a hydrophilic model drug and also serves as a uorescent probe. 29 The hydrated thin lms form vesicles and showed red uorescent vesicles in uorescence microscopy (Fig. 7B) . The similar vesicles formation was observed with other NATMs. These observations are consistent with SEM examination and also suggests that the vesicles formed by NATMs can be used to entrap molecules for developing drug carriers.
Conclusions
To our knowledge, this is the rst report on the synthesis and physicochemical characterization of a homologous series of Nacyltromethamine bearing saturated acyl chains of different chain lengths (n ¼ 10-18). The molecular conformation, packing properties and intermolecular interactions of NATM have been determined by single crystal X-ray diffraction analysis. The structural analysis clearly showed that the NATM molecules are arranged in head-to-tail packing forming a common hydrocarbon layer, which is bordered on each side by a region of polar group resembling bilayer packing. The critical aggregation concentration of NATMs determined in phosphate buffer, pH 7.4 revealed that CAC decreases linearly with an increase in the methylene unit. DSC results indicated that the thermodynamic parameters, DH t and DS t , exhibit a linear dependence on the chain length. Microuidity of the self-assembled NATM monitored by emission spectra of laurdan and prodan suggest that NATM forms interdigitized gel phase below the phase transition temperature and adopts uidized interdigitized phase above T t . Molecular modelling suggest that the interdigitized self-assembled NATM preferentially form vesicles in aqueous solution. The formations of vesicles were conrmed by scanning electron microscopy. In addition, we have demonstrated encapsulation of Rhodamine B, a hydrophilic model drug. Further studies aim at the interaction of NATM with biological membranes may allow us to develop a membrane targeting drug delivery vehicles.
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